We review the factors influencing children's exposure to environmental conamis and the data avaiable to cterize and assess that exposure. Children's acy pattern data requirements are demonstratedAin the context of the algorithms used :to esmae exposure by inhalation, dermal contact, and ingestion.:Currently, data on children s exposures and activities are insufficient to ad:lequbat i expr to envtonment cntmants. As a result, regulators us a series of deault asmpio and exposure factors when conducting exposure asessments. Data to reduce u nty in theassumptions ad exposure estimawtesae needed to ensure chemicals are regulad appropriatey to protet hdildren's health. To Children's exposures to environmental contaminants are expected to be different and, in many cases, much higher than adults (1-X). Differences in exposure are due in part to differences in physiologic function and surfaceto-volume ratio. However, differences in the behavior of children, particularly the way in which children interact with their environment, may also have a profound effect on the magnitude ofexposures to contaminants.
The U.S. Environmental Protection Agency (EPA) has pledged to increase its efforts to provide a safe and healthy environment for children by ensuring that all EPA regulations, standards, policies, and risk assessments take into account special childhood vulnerabiities to environmental contaminants. The Food Quality Protection Act of 1996 (FQPA) (8) requires that exposure assessments be used in the pesticide tolerancesetting process. Exposure assessments for the FQPA must consider the potential susceptibility of infants and children to pesticide exposures from all sources including those from food, water, dust, soil, and air. To meet these regulatory requirements, existing information on children's exposure to environmental contaminants needs to be used to develop and improve exposure assessment methods and models for children. In addition, research on exposure that will answer questions about age-related differences and will lead to better exposure assessments for children needs to be designed and conducted.
We review the factors influencing the exposure of children and the data available to characterize and assess exposure, with a focus on children's activity patterns. Activity However, few studies using biomarkers have collected all of the information required to accurately estimate exposure. An indirect assessment uses available information on concentrations of chemicals in the various media, along with information about when, where, and how individuals might contact the chemical. The indirect approach uses models and a series of exposure factors (e.g., pollutant transfer and pollutant uptake) to estimate exposure. The specific information and factors needed to conduct an indirect assessment for a given contaminant depend on the significant routes and pathways for exposure to that contaminant.
Because of difficulties associated with performing direct exposure assessments, indirect exposure assessments are typically used to perform formal risk assessments needed to make regulatory decisions. Indirect exposure assessments require data on the following exposure factors: * Contaminant concentrations in the exposure media in the environment where the individual spends time * Contact rates of the individual with the exposure media * Contaminant transfer efficiency from the contaminated medium to the portal ofentry * Contaminant uptake rates It is difficult to develop and verify exposure factors such as contaminant uptake rates and transfer rates for young children. Children cannot intentionally be (9) . In addition to providing more area for dermal absorption, the larger relative surface area of children means that body heat will be lost more rapidly to the environment, requiring a higher rate of metabolism to maintain body temperature. In addition, children need extra metabolic energy to fuel growth and development. The higher basal metabolic rate and energy requirements in children mean that both oxygen and food requirements are greater per kilogram body weight for a child than for an adult. The higher breathing rate and food consumption rate required to meet these physiologic needs for children will result in higher relative exposures to environmental contaminants in air and food.
The absorbed dose-the amount of chemical that crosses a receptor's external boundaries-of an environmental contaminant probably is the relevant measure of exposure for the assessment of health risk. Age-dependent barrier properties of the skin, respiratory tract lining, and gastrointestinal tract lining influence absorbed dose. The permeability of the skin, highest at birth, decreases in the first year such that the skin of a 1-year-old child is similar to that of an adult (5) . In addition, a layer of subcutaneous fat develops at approximately 2-3 months of age in infants and continues to exist through the early toddler period (10) . This layer of fat may act as a sink for lipophilic chemicals absorbed through the skin. Changes in the permeability of lung epithelial cells during childhood have not been reported. However, the gas-exchange sacs, or alveoli, continue to develop until adolescence, increasing the surface area for absorption so that the same exposure might lead to a higher absorbed dose as a child ages. Finally, in the neonate, the stomach produces gastric acid at approximately 50% of the adult level (11) . As a result, stomach pH exceeds 2 until several months after birth, when it drops by > 15% to adult levels. Gastric pH affects absorption by altering the ionization state of chemicals. Absorption and permeability in the gut are also regulated by the body to provide nutritional needs that vary with age. For example, to satisfy growth needs, children can absorb more calcium than adults from their gastrointestinal contents. The absorption of similar positive ions such as lead can also be enhanced inadvertently by the same mechanism used to actively absorb calcium.
Behavioral development. Children (12) . Much of this literature, however, focuses on changes in motor capacity that can be used to identify developmental disabilities and whether children have arrived at various developmental milestones (13) . None of it directly addresses how a child's behavior might contribute to exposure to environmental chemicals. Using developmental milestones as an indication of children's interactions with the environment is problematic because there is significant variability between when a child first achieves a milestone and when the child performs the activities on a regular basis. In addition, activities such as crawling are not included because not all children crawl, and there is tremendous variation in how and when children first move around. Despite these drawbacks, developmental milestones can serve as useful guidelines for classifying children in exposure studies.
Manual dexterity includes the ability to pick up, hold, and manipulate objects held in the hand. A child's hands are the means for placing food in the mouth and are the immediate source of nondietary exposure through hand-to-mouth and object-tomouth behavior. Because the hand is used to act on the environment and probably has more contact with water, soil, and dust than any other part of the body, hands have been used as the equivalent of dermal surfaces in several studies (14) (15) (16) .
There is extensive research documenting the changes in manual coordination of very young children as they mature (17) (18) (19) (20) (21) . Children show wide variability in manipulative performance. A young child has not developed a stable manner of handling objects, and the performance is variable in both style and effectiveness (20 (3, 6) . In addition to the exposures associated with the foods that children eat, the manner in which children handle food as they eat may also impact their exposure to environmental contaminants. Small children are less likely than adults to consume food in a structured environment. Small children may sit on the floor or lawn to eat and often pick up and eat foods that have fallen to the ground. Infants and young children also eat most of their food with their hands. Increased exposure occurs when children handle and eat foods that have come in contact with the floor or other contaminated residential surfaces (25, 26) .
Sex. Sex has been identified as a factor influencing activity level and the types of behaviors and activities in which children participate (27) (28) (29) . As early as preschool (3-5 years of age), sex differences exist in the types of games played, the frequency of play, and activity level. Locations in which children spend time also vary by sex. Clear differences in the frequency and type of outdoor activities have been found between boys and girls 7-15 years of age (29, 30 (31) . Exposure factors related to children that may be affected by SES and race include proximity to source (e.g., distance from toxic release inventory sites); location (e.g., urban, suburban, or rural); housing stock (e.g., age, condition, and type); activity patterns (e.g., hygiene, housekeeping, activity level, and child care); and diet and drinking water supply.
Although there are substantial data on the influence of housing stock, location, and SES on environmental exposure and adverse health outcomes, there are few data on the relationship of these influences to children's activities and potential contact with the physical environment. One study of Swedish children from two housing projects found that proximity to parks and play areas and the floor on which children live in an apartment house influence where young children play and the amount of time urban children play outside (30Q. However, there is little to suggest that housing stock and location have any influence on children's behavior, and there are no comparable data evaluating children's activities in the United States.
Comparisons of play activities across social dasses have been studied for preschool children (32) (33) (34) . Some of the studies were conducted within the home and others at day-care centers. When the location was the same (i.e., day care centers), no differences in behaviors were observed in children of different social classes. However, within the home, class (as an indicator of poverty, social stimulation, and poor parental education) influenced what the children had to play with and the type of play in which the children engaged . For subjects tracked from 15 to 25 years of age at 5-year intervals, social class and education level were related to the type and level of activities in which the children participated (38) . Children identified as low social class were less active, and children who eventually went to college were more active.
Maternal influences on children's activity patterns have been evaluated using the Home Observation for Measurement of the Environment survey (35, 36 Finally, some of the most significant exposures to environmental contaminants experienced by children may be related to nondietary ingestion of contaminant residues, dust, and soil during mouthing of hands subsequent to dermal contact with contaminated surfaces and objects. Reliable methods to monitor nondietary ingestion of environmental contaminants have not been developed (9) . However, nondietary ingestion of soil and dust has been monitored in fecal samples using tracer elements (50) (51) (52) (53) (54) . These studies require the collection of dietary data and concentrations of contaminants in residential soil and dust to link the tracers to ingested soil and then to estimate ingestion of contaminants.
Biologic monitoring. Biomarkers can serve as a useful measure of direct exposure aggregated over all sources and pathways, measuring integrated exposure from all routes. However, to use biomarkers for this purpose, several important criteria must be met. Biomarkers that can accurately quantify the concentration of an environmental contaminant or its metabolite(s) in easily accessible biologic media (blood, urine, and breath) must be available. The biomarker must be specific to the contaminant of interest, so that its presence can be linked to that contaminant. The pharmacokinetics of absorption, metabolism, and excretion must be known. Finally, the time between exposure and biomarker sample collection must also be known. Although there are a number of biomarkers that meet these criteria, few studies using biomarkers have collected all of the information required to accurately estimate exposure. In addition, significant challenges are associated with collecting biomarker data from children (55) .
Biomarker data have been collected for children to evaluate environmental exposures to lead (56) , benzene (57) , arsenic (58) , chromium (59) (60) (61) , and pesticides (62, 63) . Most recently, the Minnesota NHEXAS children's pesticide exposure study collected urine samples from children on three alternate days and analyzed them for metabolites of chlorpyrifos, malathion, atrazine, and diazinon. Thus far only the chlorpyrifos values are available (62) . The children's median levels of the chlorpyrifos biomarker, TCPY, over the three measurements was 8.6 ppb, as compared to 2.2 for the population-based National Health and Nutrition Evaluation Survey (NHANES) III (62) adult population. Approximately 60% of the homes in the NHEXAS study were identified as using or storing pesticides in the home within the year, and were considered the user homes (though the data do not show whether pesticides were applied during monitoring or not). Levels for children in these homes were significantly higher than levels for children from homes classified as low-users. However, some of the highest monitored values were found in the low-user children, suggesting that sources of exposure could not be identified based only on categorization of household pesticide use. Similar results were found in a study that attempted to determine whether children who lived near a pesticidemanufacturing plant were exposed to polychlorinated biphenyls (64) . There was no difference between the proposed exposed children as compared to controls; all children had measurable levels of the metabolite, and no additional sources of exposure were reported. In a study by Loewenherz et al. (63) , children up to 6 years of age who lived with pesticide applicators in an agricultural region of Washington State were monitored for increased risk of pesticide exposure. Results of this study indicated that applicator children experienced higher pesticide exposures than did reference children in the same community and that proximity to spraying is an important contributor to these exposures.
Children's activity pattern data. As noted previously, a child's exposure is greatly affected by where the child is and what the child is doing. In exposure modeling, the location a child occupies is known as a microenvironment. A microenvironment is a physical three-dimensional space with a wellcharacterized, relatively homogenous pollutant concentration level over a specified time period (65) . A child's activity in a microenvironment (e.g., indoors at home) can be described by what the child is doing in a VOLUME (67) . A number of these macroactivity studies have been reviewed by Ott (68) and McCurdy (69) . Macroactivity information relevant to inhalation exposure assessment for an individual contains at least one complete day of sequential location/activity data for every discrete major behavior that is undertaken (and disclosed) by a respondent. This is known as a person-day of information. Nine studies recorded person-day macroactivity data on a flexible-time basis, but not all included data on children. The data from all of these studies are contained in the EPA National Exposure Research Laboratory Consolidated Human Activity Database (CHAD). CHAD is a relational database using a common set of codes for activities, locations, intensity levels, and questionnaire information (70) . Thus, it allows a user to easily combine information from the nine studies to increase the sample size of the human activity data (70) . Data from four of these studies are also available in the EPA THERdbASE (71) .
For children and adolescents younger than 18 years of age, CHAD contains approximately 4,300 person-days of information. An explicit breakdown of these data for children < 12 years of age appears in Table 1 The person-days of activity data can be used in exposure assessments in a number of ways. Each person-day of data can be used separately to represent individuals in a modeling exercise, or the person-days can be organized into cohorts (such as female babies < 6 months of age) and used as a pool from which a random sampling routine selects one individual to represent the cohort for a day (76) (77) (78) (79) . Macroactivity data can also be aggregated over the total population or a cohort of the population to obtain average or other statistical measures of activity for some specified time period. This approach is most commonly used in exposure assessment, but it removes the inherent correlations among activity, location, and time-and the pattern of exposures experienced-that truly determine the dose received from an environmental contaminant (72) included child-care facility as a separate microenvironment category. In the other studies, the school category may have been used for preschool or other nonresidential child-care facilities, or the nonspecific other indoor category may have been used also.
The number of children in CHAD that reported spending time outdoors at a park or playground also varied significantly with age. Only 10% of the children in the youngest age categories (< 2 years of age) reported being in this microenvironment, whereas approximately 40% of the older children (10-11 years of age) spent time outdoors at a park or playground. For those children that reported being outdoors in this microenvironment, the amount of time spent at a park or playground did not have a trend across age categories. In addition, age differences were least evident in the percentage of children that reported being in vehicles, as well as the amount of time spent in vehicles for those children. Table 3 summarizes the number of hours that children spend doing various macroactivities while indoors at home; age differences in children's macroactivities are also evident. On average, the number of hours children spend both eating and sleeping decreases gradually with the age of the child, so that children younger than 2 years of age spend the most time doing these macroactivities. Although showering/bathing times are fairly consistent across ages, the other macroactivities in Table 3 show age differences in the number of hours children spend playing games, watching television, and doing other passive activities while indoors at home. Activity data required and available to assess exposure by dermal contact and nondietary ingestion. Two main approaches are currently used to assess dermal and nondietary ingestion exposure. These assessment approaches provide different ways of integrating exposure over time and space. In the macroactivity approach, exposure is estimated individually for each of the microenvironments where a child spends time and each macroactivity that the child conducts within that microenvironment. To do this, exposure is modeled using empirically derived transfer coefficients to aggregate the mass transfer associated with a series of contacts with a contaminated medium. In the microactivity approach, exposure is explicitly modeled as a series of discrete transfers resulting from each contact with a contaminated medium. It is important to understand that the temporal and spatial scales of activity patterns, exposure media concentrations, and transfer efficiencies to be measured will depend on the assessment approach that is used.
To estimate dermal exposure using the macroactivity approach, microenvironments are defined by location and surface type (e.g., indoors at home on carpet). The dermal exposure associated with a given macroactivity (e.g., actively playing in the yard) is measured and used to develop an activity-and microenvironment-specific transfer coefficient. Exposure can then be estimated individually for each of the microenvironments where a child spends time and each macroactivity that the child conducts within that microenvironment. Exposure over the 24-hr VOLUME 108 [3] where Ei,mi = dermal exposure for a given microactivity over a 24-hr period ( [4] where E,&ngImi = nondietary ingestion exposure for a given microactivity over a 24-hr period (micrograms per day); x = hand or object that is mouthed; Cx = total contaminant loading on hand or object (micrograms per square centimeter); TE. = transfer efficiency, fraction transferred from object or hand to mouth (unitless); SAX = area of object or hand that is mouthed (square centimeters per event), and EF = frequency of mouthing event over a 24-hr period (events per day).
To use the microactivity approach, a greater level of detail (i.e., microactivity data) is needed to characterize people's dermal contact with chemical residues in their environments and to quantify subsequent dermal absorption and nondietary ingestion. Microactivities required to estimate dermal and nondietary ingestion exposure include frequency and duration of contact between skin surfaces (including the mouth) and objects and parameters describing the nature of contact, such as pressure, motion type, and exposed surface area.
Literature about children's activities from the fields of child development and psychology tends to focus on social development and peer interactions of infants, toddlers, and kindergarten children. The literature seldom reports how children act on, or move about in, their physical space (88, 89) . In 1998 the EPA (90) published a review of the child behavior and psychology literature. Frequency and duration of handling and mouthing events were documented in several of the reviewed studies. However, in these studies, caretakers introduced objects to children sitting on their laps. Handling and mouthing behaviors will differ for a child in his or her own environment under normal conditions.
Because of the age dependencies and labor-intensive nature of gathering microactivity data, few data sets relevant to exposure assessments currently exist. Two general approaches to gathering such data have been used: a) real-time hand recording, in which trained observers watch an individual and write down the information of interest on a score sheet; and b) videotaping, in which trained videographers videotape an individual and then subsequently extract the data of interest by hand or by computerized software.
A recent study used the first approach to quantify duration of mouthing in awake infants 3-36 months of age in The Netherlands (22) . Five parents were asked to observe eight children (10 times, 15 min/day on 2 days) and measure mouthing time with a stopwatch. There were no differences between the two observed days, across different periods of the day, or between boys and girls; however, the total mouthing time differed among age groups. The mean daily extrapolated mouthing times (in minutes) for children 3-6, 6-12, 12-18, and 18-36 months of age were 36.9 (SD 19.1), 44 (SD 44.7), 16.4 (SD 18.2), and 9.3 (SD 9.8), respectively. The youngest children mouthed mainly their fingers, whereas children 6-12 months of age mouthed toys not meant for mouthing. The older age groups mouthed mostly nontoys and their fingers. On average, children sucked or bit on objects twothirds of the time and licked objects the other one-third of the time. The children 12-18 months of age sucked or bit the most, and the percentage of licking was highest in the youngest age group. This study reported difficulties in parent training and compliance; these difficulties may have influenced the reliability of the reported data.
Several studies have used the videotaping approach to quantify children's microactivity data. The U.S. EPA NHEXAS included videotaping 19 children 3-12 years of age in Minnesota with a hand-held camera.
Observers then replayed the videotapes and recorded the frequency of object-to-mouth contact, hand-to-mouth contact, and hand (94) rather than a scorecard to obtain the sequence of a wide array of objects contacted and the duration of each contact. Table 4 summarizes the type of microactivity data collected in these studies.
Comparing results among these studies is difficult because the children's ages, the reported summary statistics, and the categories of body parts and objects contacted were different among the studies. Despite these differences and the small sample sizes, some interesting observations can be drawn. The children studied exhibited short average duration of mouthing and surface contacts (on the order of seconds) and high contact frequencies. Average contact frequencies across the studies for the same object categories were reasonably similar, but the variability for a particular object category was high in each study. Object categories contacted the most frequently by hands were smooth surfaces (e.g., wood furniture), bedding, clothes, plastic toys, and paper. The only variable that was statistically different across age groups in the NHEXAS (children 3-4, 5-6, 7-8, and 10-12 years of age) was object-to-mouth contacts, which were greater for the 3-year olds (6 ± 7/hr) than the other groups. For age-matched boys and girls, girls exhibited higher object-to-mouth contacts. However, this may be related to the fact that boys spent substantially more time outdoors in active play (91) . In the New Jersey study (92) , contacts with another hand (either the child's own hand or another person's hand) were higher for children 1-3 years of age (25/hr) than for children [4] [5] [6] years of age (13.5/hr); hand-to-mouth contacts were significantly higher in the spring (10.4/hr) than in the winter (4.6/hr); no variables were significantly different by sex; and some variables (contact with dirt, objects-to-mouth, other items, and textured surfaces) were statistically significant between day-care and residential children. Some microactivities appeared to be setting dependent (e.g., contact with dirt, grass, and toys), whereas others (e.g., contact with clothes, body parts, and mouths) did not. In general, nondietary object-to-mouth contacts were less frequent than hand-to-mouth contacts. All of these results, -however, may reflect the types of behaviors quantified, the small sample size, and the setting and conditions under which the observations were made.
In summary, the current database on children's microactivities is sparse. More data for different ages and body parts over a wide range of scenarios are needed to reduce uncertainty in modeled estimates of dermal and nondietary ingestion exposure and dose and to identify important objects for measuring pollutant concentrations. However, before these data can be collected, the important activities and contact parameters (e.g., surface type, contact duration, and skin condition) need to be identified to determine the type of microactivity data that should be collected. A standard protocol for collecting and reporting relevant children's microactivity data could then be developed. [5] where Ediet = the total dietary exposure to the environmental contaminant for one food eaten (micrograms per food item); C,fod= the contaminant concentration of food item after preparation for consumption (micrograms per gram food); WT = the total amount of the individual food consumed (grams food per food item); C = contaminant loading on a contacted surface (micrograms per square centimeter); TESIF = surface-to-food contaminant transfer efficiency (where transfer efficiency is a function of duration of Recent studies on dietary exposure of children to lead (25, 95) and to pesticides (43) (44) (45) have begun to explore potential pathways of dietary contamination caused by the child's eating activities, and ways to measure them. These studies are focused on young children (1-3 years of age). In the Barlion (25) study, children's dietary exposure to lead was evaluated by collecting a 24-hr duplicate of all foods plus sentinel foods (i.e., individual food items used to represent foods contaminated during handling) from 48 children 2-3 years of age. Sentinel foods were contacted with the child's hands and other surfaces to represent ways the child might handle the foods while eating. Additional information collected included lead concentrations from hand wipes, floor wipes, and venous blood, and questionnaire responses on activities related to exposure.
Results showed that children's dietary exposure to lead may potentially increase by a factor of 4-20 when foods are handled by a child in a contaminated environment.
Akland et al. (44) videotaped the eating activities of young children to determine the frequency and duration of activities that may lead to contamination, induding hand-to-surface, hand-to-food, and food-to-surface contacts. The frequency and duration of hand and food contacts with different surfaces, types, and amounts of foods consumed, and other location factors were recorded for 10 home and in day-care facilities. Summary results from the analysis show that there is a wide range of time and contact frequency between children. A specific food item contacting the child's hands during an eating event depended on the type of food eaten and the age. Bread, cereal, and banana were the food items most commonly handled while being eaten by these children. Food is in contact with a plate or eating utensil for the longest period of time (approximately 10 min on average); food and hand contact, and food and surface contact each occur for approximately 2 min. Food items come in contact with plate, hands, and mouth about the same number of times on average during an eating event.
Field testing is being conducted to collect additional activity pattern data and to measure other input parameters required for the dietary exposure model (Equation 5) under realistic conditions to improve dietary exposure assessments for young children. The field testing will also provide indirect confirmation of the dietary exposure model through comparisons of dietary exposures estimated by the model with measurements ofhandled foods and child biomarkers (43) .
Total Exposure Studies
An important component of current exposure and risk characterization is the consideration of aggregate exposures. When assessing exposure and health risk to children, exposure information should be aggregated from all potential exposure media including the air that children breathe, the foods that children eat, groundwater or surface water that is consumed as drinking water or used for bathing, and other contaminated media con- Table 5 , some of the most useful studies for assessing exposure collect a combination of personal and biologic monitoring data, environmental concentration data, and activity pattern data. These types of studies are required to assess aggregate exposure by the indirect approach. Some examples of studies for which a combination of children's exposure data were (or are currently being) collected are presented in Table 6 .
Conclusions
Currently, data on children's exposures and activities are insufficient to adequately assess exposures to environmental contaminants. As a result, regulators use a series of default assumptions and exposure factors when conducting exposure assessments. The more uncertain the assumptions and exposure factors used, the more conservative they must be to protect children's health. Data (urban, suburban, or rural), region, and season. These data gaps are particularly significant for children younger than 4 years of age.
In addition, route-specific data on dietary ingestion, inhalation, and dermal contact and nondietary ingestion are required to improve assessment of children's exposures.
Improved information on the foods children eat and the residues on them is needed. Those foods most frequently consumed by infants and children need to be identified, and distributions of amounts consumed need to be quantified more specifically.
Because of the changing nature of children's diets, food consumption surveys should include adequate sample sizes of children 0-6, 6-12, 12-24, and 24-36 months of age and 3-5, 5-10, and 1 1-18 years of age. The residues associated with a child's diet (before food preparation and handling by the child) need to be better characterized. Methods to assess exposures caused by the contamination of foods during consumption by the child need to be evaluated. Activities specifically related to the way children consume foods need to be categorized. Current information is not specific enough to determine the relative magnitude of the child-handling component to the total dietary intake of a contaminant. There is a need for more and betterfocused research into children's activities. The seemingly extensive current database is deficient from an exposure modeling perspective because many of the activity codes do not adequately capture the richness of what children actually do. They are too broadly defined and ignore many child-oriented behaviors, limiting the utility of these data for assessing the frequency and duration of children's contact with contaminated air, children's activity levels, and, consequently, inhalation rates.
Currently, there are no methods available to directly assess dermal and nondietary ingestion exposures. Therefore, it is particularly important that studies be performed to identify the most important exposure factors for assessing dermal exposures. Characteristics of surfaces and objects contacted by children are important in assessing children's dermal and nondietary ingestion exposures. Consequently, the definition used to identify microenvironments in which children spend time must be modified to indude the surface type. In addition, more survey and observational studies across all ages of children are required to characterize both macro-and microactivities that contribute to dermal exposure in these microenvironments, as well as contact and transfer necessary for nondietary ingestion and contamination offood.
The research needed to better characterize and quantify children's exposures to environmental contaminants is best conducted by carefully considering the data needed to assess aggregate exposure. The algorithms for combining the environmental monitoring data with the exposure factors to estimate an exposure or a dose should be used to guide the type of data collected. In this way, future research efforts_will most efficiently provide the knowledge base needed to improve exposure assessments for children.
